Objective: Research shows that high anxiety sensitivity (AS) and dysphoria are related to poor smoking cessation outcomes. Engaging in exercise may contribute to improvement in smoking cessation outcomes through reductions in AS and dysphoria. In the current study, we examined whether exercise can aid smoking cessation through reductions in AS and dysphoria. Method: Participants were sedentary and low activity adult daily smokers (N ϭ 136) with elevated AS who participated in a randomized controlled trial comparing smoking cessation treatment (ST) plus an exercise intervention (ST ϩ EX) to ST plus wellness education (ST ϩ CTRL). Self-reported smoking status was assessed in-person weekly from baseline through week 16 (end of-treatment; EOT), at week 22 (4 months postquit day), and at week 30 (6 months postquit day), and verified biochemically. Results: Results indicated that both AS and
dysphoria at 6-month follow-up were significantly lower in the ST ϩ EX group compared to the ST ϩ CTRL group (controlling for baseline levels). Moreover, reductions in AS and dysphoria emerged as independent mechanisms of action explaining success in quitting. Conclusions: These novel findings offer clinically significant evidence suggesting that vigorous-intensity exercise can effectively engage affective constructs in the context of smoking cessation.
Keywords: smoking cessation, exercise, anxiety sensitivity, dysphoria Supplemental materials: http://dx.doi.org/10.1037/hea0000588.supp Exercise has emerged as a promising aid for smoking cessation, although benefits appear to be highly variable (Ussher, Taylor, & Faulkner, 2014) . Some work indicates exercise interventions reduce cigarette craving and withdrawal symptoms (Haasova et al., 2013; Prochaska et al., 2008; Roberts, Maddison, Simpson, Bullen, & Prapavessis, 2012; Ussher, Taylor, & Faulkner, 2008) . Other research indicates exercise-based smoking cessation interventions can increase rates of smoking cessation success (Prochaska et al., 2008; Ussher et al., 2008) . Yet other studies have found equivocal results, including small effect sizes and inconsistent results (Ussher et al., 2014) . Limitations of such work have included potentially improper dosing, adherence challenges, individual differences, and small sample sizes (Ussher et al., 2014) . Notably, recent evidence suggests that exercise interventions may be particularly effective in terms of promoting smoking abstinence among traditionally hard-to-treat smokers, namely, smokers with emotional vulnerabilities (Smits et al., 2016) . Interestingly, there is little research examining mediators of treatment effects among high-risk, emotionally vulnerable smokers. This limitation is clinically important from a public health perspective, as empirical information on mechanisms of change in exercise-smoking work is needed to intervene more effectively for this high-risk and difficult-to-treat segment of the smoking population. Indeed, smokers with affective vulnerabilities represent one of the most treatment-resistant segments of the smoking population who benefit less from existing interventions .
One means of elucidating the mechanisms of exercise interventions is to investigate the role of transdiagnostic emotional vulnerability factors that underpin affective psychopathology and smoking . Anxiety sensitivity (AS), or the tendency to fear anxiety-related sensations (Reiss & McNally, 1985) , is one such transdiagnostic construct involved in the etiology and maintenance of anxiety disorders (e.g., panic and social anxiety) and a wide variety of health behaviors (e.g., Anestis, Holm-Denoma, Gordon, Schmidt, & Joiner, 2008; Babson, Trainor, Bunaciu, & Feldner, 2008; Otto et al., 2016) . AS is relatively stable, yet malleable in response to interventions (Otto & Reilly-Harrington, 1999; Smits, Berry, Tart, & Powers, 2008) . Specific to exercise interventions, a number of investigations have demonstrated positive effects for exercise to effectively reduce AS (Broman-Fulks, Berman, Rabian, & Webster, 2004; Broman-Fulks & Storey, 2008; . Exercise may impact anxiety sensitivity by way of physical sensations experienced during vigorous physical activity serving as interoceptive exposure to fearful bodily sensations in the absence of negative consequences-that is, fear extinction (Smits, Powers, Berry, & Otto, 2007; Smits & Zvolensky, 2006) . Elevated AS is markedly common among smokers and contributes to several maladaptive smoking beliefs and behaviors. Specifically, high AS is observed in 20%-33% of smokers and therefore is highly significant from a public health perspective (Allan et al., 2014) . These emotionally vulnerable smokers perceive quitting as more difficult (Johnson, Farris, Schmidt, Smits, & Zvolensky, 2013) , experience more severe withdrawal during the early phases of quitting (Johnson, Stewart, Rosenfield, Steeves, & Zvolensky, 2012; Perkins, Karelitz, Giedgowd, Conklin, & Sayette, 2010) , and experience greater psychological inflexibility when confronted with stressful situations (Zvolensky, Farris, Schmidt, & Smits, 2014) . AS is related to coping-oriented smoking (Battista et al., 2008; Guillot, Pang, & Leventhal, 2014) , beliefs that smoking will reduce negative affect (Johnson et al., 2013) , and increased positive affect after smoking (Wong et al., 2013) . Furthermore, AS statistically accounts for the relation of emotional disorders with tobacco dependence, perceived barriers to cessation, and severity of problematic symptoms while quitting (Zvolensky, Bogiaizian, Salazar, Farris, & Bakhshaie, 2014) . Elevated AS predicts greater odds of early lapse (Brown, Kahler, Zvolensky, Lejuez, & Ramsey, 2001 ) and relapse (Assayag, Bernstein, Zvolensky, Steeves, & Stewart, 2012) . Furthermore, reductions in AS are related to less severe tobacco withdrawal and increased rates of cessation success Zvolensky, Yartz, Gregor, Gonzalez, & Bernstein, 2008) . However, to date, it is unknown how AS reduction in response to an exercise treatment might impact smoking cessation.
It also is important to consider other emotional vulnerability factors that may mediate exercise intervention effects on smoking cessation (Zvolensky & Leventhal, 2016) . One such consideration is dysphoria-a symptom cluster of depression that is characterized by anhedonia, sadness, psychomotor disturbance, worthlessness, worry, and cognitive difficulty (Watson et al., 2007) . Importantly, AS and dysphoria are related yet distinct emotional vulnerability factors (Garey et al., 2016) . Extant work suggests that dysphoria may be more relevant to smoking maintenance and relapse than other depressive dimensions (Leventhal, Zvolensky, & Schmidt, 2011) . For example, dysphoria is associated with several aspects of smoking behavior, including greater dependence, higher smoking rates, and more negative affect reduction smoking motives (Leventhal et al., 2011) , as well as more perceived barriers to cessation (Buckner et al., 2015) , greater smoking-specific experiential avoidance (Buckner et al., 2015) , and more severe tobacco withdrawal (Bakhshaie et al., 2018) . Greater dysphoria is also associated with higher rates of smoking over time (Helstrom, Bell, & Pineles, 2009) , and smokers who endorse greater dysphoria are more vulnerable to dependent smoking and relapse as a means to attenuate dysphoria-related sympThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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toms (Leventhal et al., 2011) . As with AS, exercise has also demonstrated positive effects on the reduction of dysphoria (Bernard et al., 2013) , and may serve to enhance mood consistent with behavioral activation treatments, which have been shown to be effective in improving mood (e.g., Cuijpers, Van Straten, & Warmerdam, 2007) . Engaging in exercise may contribute to improvement in smoking cessation outcomes through reductions in AS and dysphoria. Indeed, extensive theoretical work on the negative reinforcing properties of substance use purports that the attenuation of negative affective symptoms, including symptoms of anxiety and depression, serves as a primary motive for use and may explain substance use behavior change, including abstinence (Baker, Piper, McCarthy, Majeskie, & Fiore, 2004) . To date, however, no work has examined AS or dysphoria as mediators of the effect of an exercise intervention to promote smoking cessation. Such work has the potential to advance intervention development for smoking cessation for a particularly difficult to treat segment of the smoking population (emotionally at-risk smokers).
The primary goal of the current study was to address clinically important limitations in exercise-smoking research (e.g., lack of consideration of individual difference factors) and build upon findings by Smits et al. (2016) by testing the hypothesis that change in AS and dysphoria (independently) mediated the efficacy of exercise treatment to facilitate abstinence among high AS smokers. We modeled both mediators simultaneously to test the unique contributions of AS and dysphoria reductions, on quit success (Hayes, 2013) .
Methods

Participants
Data were collected as part of a larger randomized controlled trial examining the efficacy of a smoking cessation intervention described below in the Procedure section (Smits et al., 2016) . Between January 2010 and July 2014, 136 participants interested in participating in the trial were recruited from the Dallas area and attended a baseline appointment. Participants were recruited through the community and physician referrals. Recruitment techniques included newspaper and radio advertisements, fliers in community-based organizations, and Internet-based advertising, including our laboratory website and Craigslist. Study eligibility was assessed through (1) an initial prescreen (both online and via telephone) and (2) an in-person psychiatric diagnostic screening visit. Eligibility criteria included (1) adult daily smokers (at least 1 year of smoking, at a minimum rate of 10 cigarettes per day over the past year); (2) elevated AS (prescreen score of Ն20 on the 16-item Anxiety Sensitivity Index; Reiss, Peterson, Gursky, & McNally, 1986) ; (3) sedentariness (moderate-intensity exercise less than twice a week for 30 min or less); and (4) an authoredgenerated motivated to quit screening scale used in past smoking trials (reporting a motivation of a least 5 on a 10-point scale; 0 ϭ no interest in quitting to 10 ϭ desire to quit today; Schmidt, Raines, Allan, & Zvolensky, 2016) . A comprehensive list of exclusion criteria and screening procedures is provided in the study protocol (Smits, Julian, Rosenfield, & Powers, 2012) . See Table 1 for participant characteristics.
Procedure
Detailed protocol and intervention information is reported elsewhere (Smits, Zvolensky, et al., 2012) . The study involved five phases: prescreen via the phone for basic eligibility criteria, inperson prescreen for psychological and medical eligibility testing, baseline assessment and randomization, intervention delivery, and follow-up assessments. Participants eligible at the prescreen were invited to an in-person screening appointment. Upon arrival, participants received an informed consent form explaining the details of the study, potential benefits and risks of participation, and the This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
procedures they might undergo if they chose to participate. Participants then completed self-report questionnaires and a diagnostic interview (SCID; First, Spitzer, Gibbon, & Williams, 2002) , a medical examination comprising a physical exam, laboratory work, and maximal exercise testing. Eligible participants completed the baseline assessment within 3 weeks of completing their screening visits wherein they were randomized to one of the two arms of the study. Both conditions provided the same smoking cessation treatment (ST; Fiore et al., 2008; Zvolensky et al., 2008) , consisting of 7 weekly 60-min group sessions of cognitive-behavioral therapy for smoking cessation and optional nicotine replacement therapy, which commenced at week 6 (target quit day). Congruently, participants were randomized to receive either a vigorous-intensity exercise intervention (ST ϩ EX) or a wellness education control intervention (ST ϩ CTRL; e.g., lectures on wellness topics). Both interventions were equivalent in time, consisting of 3 weekly 25-min (exercise or wellness) sessions for 15 weeks, and began at week 1. In terms of ST ϩ EX, one week following the baseline session, participants in the exercise condition initiated a 15-week program involving three 45-min exercise sessions each week. During the first session, clinicians provided participants with a rationale for exercise as a treatment for smoking cessation. They were given a model of the role of AS in the maintenance of smoking, and told how interoceptive exposure plays a role in the treatment of AS. Exercise was then introduced as a means of systematic interoceptive exposure. Participants worked together with their therapist to develop an exercise training progression schedule that allowed participants to gradually increase their intensity across weeks to reach their prescribed dose by week 4. By week 4, participant's target exercise intensity dose was 77%-85% of their maximum heart rate achieved during the pretreatment maximal exercise test. Trained staff supervised exercise sessions. During the session, participants wore a heart rate monitor to confirm that they were training at the targeted exercise intensity.
The ST ϩ CTRL is a 15-week program involving three 45-min sessions each week. During the first session, participants received a thorough description of the wellness program along with a rationale for the intervention. Participants were then given the rationale that, because people who quit smoking often adopt healthy lifestyle changes after smoking, we have opted to include these changes from the onset of the quit attempt to determine whether the addition of these lifestyle changes during a quit attempt has an effect on smoking cessation outcomes. They were also advised that focusing on small wellness goals each week and gaining small successes may carry over into their smoking cessation goals. Wellness education sessions focused on discussing a variety of healthy lifestyle topics, such as healthy eating, stress and time management, recommended health screenings, and cancer and cardiovascular prevention. The content in each session was delivered using a combination of lectures, videos, handouts, and discussions with the means of allowing participants to set their own realistic wellness goals, which they could gradually incorporate into their lives.
Smoking cessation outcomes were measured up to 6 months following the quit date. Participants were compensated $25 for the baseline and each of the 6 assessment visits that occurred during the follow-up period; see Abstinence description below. Participants who attended at least 90% of the sessions were compensated with an additional $125. The Institutional Review Board of Southern Methodist University approved the study and a Data Safety and Monitoring Board provided ongoing monitoring.
Measures
Demographics questionnaire. Demographic information collected included gender, age, ethnicity, and highest level of education attained.
Structured Clinical Interview-Non-Patient Version for DSM-IV (SCID-I/NP; First, Spitzer, Gibbon, & Williams, 2002). Diagnostic assessments of past year Axis I disorders were conducted using the SCID-I/NP, which was administered by doctoral level staff or trained research assistants and supervised by licensed clinical psychologists.
Smoking History Questionnaire (SHQ; Brown, Lejuez, Kahler, & Strong, 2002). The SHQ is a self-report questionnaire used to assess smoking history (e.g., onset of daily smoking) and pattern (e.g., smoking rate). In the present study, the SHQ was used at baseline to describe the sample on smoking history and patterns of use.
Fagerström Test for Nicotine Dependence (FTND; Heatherton, Kozlowski, Frecker, & Fagerström, 1991). The FTND is a 6-item scale that assesses an individual smoker's tobacco dependence (Heatherton et al., 1991) . The FTND has shown adequate internal consistency (Cronbach's alpha ϭ .61 in the current study), positive relations with key smoking variables (e.g., saliva cotinine), and high test-retest reliability (Heatherton et al., 1991) . In the present study, the FTND was used at baseline to describe the sample.
Anxiety Sensitivity Index (ASI). To determine study eligibility at the prescreen, we used the 16-item Anxiety Sensitivity Index (ASI; Reiss et al., 1986) , which demonstrates good retest reliability, internal consistency, and convergent validity with other measures (Zinbarg, Mohlman, & Hong, 1999) . At baseline, as well as throughout treatment and the follow-up period, we assessed AS using the Anxiety Sensitivity Index-3 (ASI-3; Taylor et al., 2007) . The ASI-3 is an 18-item self-report measure, based in part upon the original ASI (Reiss et al., 1986) , that assesses the sensitivity to, and fear of, the potential negative consequences of anxiety-related symptoms and sensations. Respondents are asked to indicate, on a 5-point Likert-type scale (0 ϭ very little to 4 ϭ very much), the degree to which they are concerned about these possible negative consequences (Cronbach's alpha ϭ .90 in the current study). The ASI-3 has been validated among smokers . At the inception of the study, no cut-offs for the ASI-3 were available, which is why the original ASI was used for eligibility (i.e., screening).
Inventory of Depression and Anxiety Symptoms (IDAS; Watson et al., 2007) Dysphoria subscale. The IDAS is a 64-item self-report instrument that assesses distinct affect symptom dimensions within the past two weeks. Items are answered on a 5-point Likert scale ranging from not at all to extremely. The IDAS subscales show strong internal consistency, convergent and discriminant validity with psychiatric diagnoses and self-report measures, and short-term retest reliability (Watson et al., 2007) . In the present study, we employed the 10-item dysphoria subscale (e.g., "I felt depressed"; Cronbach's alpha ϭ .92 in the current study), as this subscale assesses the core emotional and cognitive symptoms This document is copyrighted by the American Psychological Association or one of its allied publishers.
of anxiety and depression (Watson et al., 2007) . The IDAS was administered at baseline as well as throughout treatment and follow-up. Abstinence. Self-reported smoking status was assessed inperson weekly from baseline through week 16 (end of treatment; EOT), at week 22 (4 months postquit day), and at week 30 (6 months postquit day). In addition, we also examined abstinence at postquit appointments that occurred during the active treatment phase, including week 8 (2 weeks postquit), week 10 (4 weeks postquit), and week 14 (8 weeks postquit). We used the timeline follow-back (TLFB) procedure at all assessments to assess cigarette consumption at each day since the previous assessment. We have previously used the TLFB to assess cigarette use among high AS smokers (McLeish, Zvolensky, & Bucossi, 2007) , and the assessment has demonstrated good reliability and validity with biochemical indices of smoking (Sobell & Sobell, 1996) . Selfreported abstinence at every assessment was verified by expired carbon monoxide (CO) using a CMD/CO Series Carbon Monoxide Monitor (Model 3110; Spirometrics, Inc., Auburn, ME). Abstinence at 16 and 24 weeks following the quit day was additionally verified with saliva cotinine that was analyzed by Salimetrics. Self-reported abstinence was overridden by a positive expired CO reading (Ͼ8ppm) or saliva cotinine verification (Ͼ10 ng/mL). If neither expired CO nor cotinine levels were available to verify abstinence at an assessment, abstinence was considered missing data. As recommended and consistent with past work (Hughes et al., 2003; Smits et al., 2016) , we employed point prevalence abstinence (PPA) and prolonged abstinence (PA) as the primary outcomes. PPA was defined as no smoking, not even a puff, in the 7 days prior to any assessment and biochemical verification of abstinence at the time of the assessment. Failure to maintain PA at any assessment was defined by 7 or more consecutive days of smoking (starting with quit day) or smoking at least 1 cigarette over the 2 consecutive weeks prior to the assessment and biochemical verification of abstinence at the time of the assessment.
Data Analytic Strategy
Following the recommendations of the Society for Nicotine and Tobacco Research (Hall et al., 2001 ) and others (Hamer & Simpson, 2009 ), hypotheses were tested using multilevel modeling (MLM), which is an intent-to-treat analysis that includes all subjects, regardless of missing data. In order to avoid inflation of Type I error from conducting duplicate univariate analyses for the two smoking outcomes (PPA and PA), we used multivariate MLM (MMLM; see Heck, Thomas, & Tabata, 2013; Hox, Moerbeek, & van de Schoot, 2010) . MMLM has the additional advantage of including data from all assessments from which any of the outcome data is obtained. We used a logistic linking function in the analyses in which abstinence was the dependent variable to accommodate the dichotomous outcomes, thus performing a generalized MMLM. Robust standard errors (robust to violations of multivariate normality) were used.
The aim of the present investigation was to examine whether AS and/or dysphoria mediated the treatment condition differences in abstinence at the final (6-month) follow-up (the "c" path; Figure  1a) . Thus, the "a" paths in the mediation analysis were the effects of treatment on AS and dysphoria (at 6-month follow-up), and the "b" paths in the mediation analysis were the relations between the mediators (as time-varying predictors) and abstinence (see Figure  1b) . We examined mediation of the effect of treatment on outcomes at the 6-month follow-up because the primary goal of the intervention was to decrease long-term smoking. Sensitivity analyses showed similar results for analyses that examined mediation of treatment condition differences in abstinence at posttreatment.
The mediation analysis that we performed is commonly referred to as "level-1 mediation of a level-2 effect" (Bauer, Preacher, & Gil, 2006) . "Level 1" mediation refers to the fact that the mediators were assessed repeatedly throughout the study, and hence the relations between the mediators and abstinence were withinsubjects, longitudinal relations over time. The "level-2 effect" here is the significant between-subjects effect of treatment condition on abstinence. Our approach, which we elaborate on below, is similar to the approach taken in other papers with repeated measurements of the mediators and outcomes (e.g., Meuret To determine whether mediation effects (i.e., the a ‫ء‬ b pathways; see Figure 1b ) are meaningful, it is first important to determine if the intervention does indeed improve outcomes (the "c" path; Figure 1a ). In a previous paper that focused on efficacy of this treatment (Smits et al., 2016) , we reported on the "c" path employing a model that best fit the study procedures and data ("best fit" models are crucial to avoiding misleading results; Liu, Rovine, & Molenaar, 2012). We will thus adopt the model reported in Smits et al. (2016) for the "c" path in the current investigation. Specifically, we modeled abstinence (i.e., the outcome) using a 3-phase piecewise growth curve, with the first phase reflecting prequit treatment phase (weeks 0 -6), the second phase reflecting the postquit treatment phase (weeks 7-16), and the third and last phase reflecting the follow-up phase (weeks 17-30). We modeled a discontinuity in the growth curve between the first and second phase to reflect the increase in abstinence during the scheduled quit week (week 6). To be consistent with Smits et al., we also included treatment adherence (operationalized as session attendance) as a covariate, which was related to abstinence. Also, since Smits et al. (2016) found that the effect of treatment depended on AS (treatment led to improved abstinence only for those with high AS), and since Smits et al. included AS as well as the treatment ϫ AS interaction in their analyses, we included AS and the treatment ϫ AS interaction in our model. Lastly, because extant work suggests that other constructs, including sex, education, and ethnicity, relate to the putative mediators and/or outcomes , we entered these as covariates in all analyses, both to control for these potential third-variable confounds and to decrease error variance.
As reported in Smits et al. (2016) , ST ϩ EX was superior to ST ϩ CTRL, but only for participants who had high AS (defined as those with ASI-3 Ն 23 in accordance with previous work by Allan et al., 2014 . Based on the findings that treatment efficacy was specific to those with elevated AS, we estimated all the effects in the present investigation centered at the cut-off for high AS (ASI-3 ϭ 23), as per the technique developed by Aiken and West (1991) .
To investigate the mediators of this effect of treatment on outcome, we next calculated the "a" paths in the mediation analThis document is copyrighted by the American Psychological Association or one of its allied publishers.
ysis (Figure 1b) . To calculate the effect of treatment on the mediators, we used univariate MLM (rather than generalized MMLM) because the mediators were normally distributed, continuous measures. As is typical in mediation analyses, the model that we used to calculate this effect of treatment on the mediators was the same growth curve model used for calculating the effect of treatment on outcome (the "c" path).
We next estimated the "b" paths in the mediation analysis (Figure 1b) . In level-1 mediation of a level-2 effect, the "b" path is the within-subjects, over time relation between the mediator and the outcome, or the effect of a person's individual change (withinsubject) in the mediator on that person's individual change (within-subject) in the outcome. These "b" paths were calculated by adding both AS and dysphoria to the model for the "c" path. And since we were estimating within-subjects, longitudinal relations between the mediators and outcome, AS and dysphoria were added as time-varying predictors (TVPs) to the model. To enhance causal inference, the time-varying effect for our putative mediators on the outcome was lagged such that AS and dysphoria at each session were modeled to predict abstinence at the following assessment. In other words, the mediators at baseline predicted outcomes at week 1, mediators at week 1 predicted outcome at week 2, and so forth Abstinence at each session was also included as a predictor of abstinence at the next session (see Figure 1b) . This creates a within-subjects cross-lag association between the mediators and outcome, thus controlling for potential "reverse causality" (the possibility that outcome caused the mediators rather than vice versa). Each mediated pathway (a ‫ء‬ b for each mediator) was tested for significance using the program RMediation (Tofighi & MacKinnon, 2011) , which calculates the 95% confidence interval (CI) for the mediated effect (a ‫ء‬ b). If the 95% CI did not include 0, the mediated pathway was significant.
Results
Descriptive Data
Initial examination of the data indicated that continuous variables in the analysis appeared to be normally distributed, with skewness less than 1, and no substantial outliers. Furthermore, examination of scattergrams did not suggest the presence of heteroscedasticity. There were no significant treatment condition differences in baseline levels of AS (ASI-3; M STϩEX ϭ 18.04; M STϩCTRL ϭ 18.63; p ϭ .776) or dysphoria (IDAS-dysphoria; M STϩEX ϭ 18.78; M STϩCTRL ϭ 17.77; p ϭ .465). Most participants who did not drop out before quit week (81%) used nicotine replacement therapy (NRT; i.e., patch). Use of NRT did not vary by treatment condition (p ϭ .496). Figure 1 . Mediation Model. Treatment condition differences in abstinence were at the 6-month follow-up. PPA ϭ point prevalence abstinence and PA ϭ prolonged abstinence. Treatment condition effects are at the 6-month follow-up. The subscripts "t" (for AS and Dysphoria) and "tϩ1" (for Abstinence) indicate that the mediators at each assessment were used to predict abstinence at the next assessment. Estimated parameters that were not central to the test of mediation are omitted to improve interpretability. The superscripts "CTRL" and "EX" refer to the values of the path from anxiety sensitivity to abstinence (b 1 ) in the control condition and in the exercise condition, respectively.
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Dropouts and Missing Data
Forty-eight of the original 136 participants (35.2%) dropped out of the study before the end of the treatment phase (16 weeks after inception). An additional 22 participants (16.2%) dropped out between EOT and the 6-month follow-up. Dropout rates did not differ between treatments at either EOT or the 6-month follow-up (p ϭ .37 and p ϭ .31, respectively). Dropouts did not differ from completers on baseline levels of AS, dysphoria, or any of the demographics (ps Ͼ .33-.86), nor were there any significant differences between treatment dropouts, follow-up dropouts, or completers (ps ϭ .12-.93). Also, participants with missing data (some missed assessments but did not drop out) did not differ from those with no missing data on baseline levels of these variables (n ϭ 41 with no missing data; ps Ͼ .20).
This pattern of missing data shows no specific evidence that the data are "missing not at random," and is consistent with the data being "missing at random," an assumption of all MLM analyses. Further evidence of the nature of the missing data can be derived by examining "missing not at random" models to determine if our findings vary between participants with missing data and those without missing data. One such technique is pattern mixture modeling (see, e.g., Enders, 2011) , which examines whether different patterns of missing data have different growth models. Hence, we coded participants as either completers, treatment dropouts, or follow-up dropouts, and included these different dropout patterns as moderators of the slopes and intercepts in the growth curve model for abstinence. Results indicated that the growth curves of abstinence did not differ between these different dropout categories. Hence, our results indicate the dropouts did not seem to affect our results.
The Overall Effect of Treatment on Abstinence (the "c" Path)
As reported by Smits et al. (2016) , our multivariate generalized MLM found that participants in ST ϩ EX exhibited higher abstinence at the 6-month follow-up than participants in ST ϩ CTRL (b ϭ .76, t(4878) ϭ 3.31, p Ͻ .001; see Figure 1a ). This result justifies subsequent investigation into the mediators of this difference in abstinence at the 6-month follow-up. To avoid redundancy with past reporting of these outcome analyses, please see Smits et al. (2016) for details of the slopes during each phase and the impact of other variables such as adherence.
The Effects of Treatment on the Mediators (the "a" Paths)
As expected, our growth curve model showed that treatment condition was a significant predictor of both mediators in the mediation model (the "a" paths in the mediation model; Figure 1b) . Specifically, both AS and dysphoria were lower in ST ϩ EX than in ST ϩ CTRL at the 6-month follow-up (b ϭ 2.71, p ϭ .032 for AS; b ϭ 2.18, p ϭ .003 for dysphoria).
The Relation Between Putative Mediators and Outcome (the "b" Paths)
The next step was to calculate the "b" paths in the mediation analyses. This was accomplished by adding the mediators (AS and dysphoria) as TVPs to the growth curve model for abstinence, along with adding prior levels of abstinence. We modeled the cross lag longitudinal relation between the mediators (and abstinence) and outcome by modeling mediators (and abstinence) at each time point (time "t"), predicting abstinence at the next time point (time "tϩ1").
Results showed that the relation between AS and abstinence varied by treatment condition (AS ϫ treatment condition; b ϭ .04, t(124) ϭ 2.69, p ϭ .007), such that lower levels of AS were related to higher abstinence at the next session for participants in the ST ϩ EX condition (b ϭ Ϫ.04, t(124) ϭ Ϫ4.06, p Ͻ .001), but not for those in ST ϩ CTRL condition. With respect to dysphoria, lower levels of dysphoria were related to higher abstinence at the next session (b ϭ Ϫ.04, t(124) ϭ 3.42, p Ͻ .001), and this relation was consistent across treatment conditions.
The Test of Mediation (the a ‫ء‬ b Pathway)
Mediation is present if the joint, mediated pathway, a ‫ء‬ b, is significant. Using the program RMediation (Tofighi, West, & MacKinnon, 2013) , we found that the mediated pathway from treatment condition to dysphoria to abstinence was significant (a ‫ء‬ b ϭ Ϫ.087, 99.5% CI: [Ϫ.216, Ϫ.003], p Ͻ .005). Since AS was related to abstinence only for participants in the ST ϩ EX condition, AS was not a significant overall mediator of the effect of exercise treatment condition on abstinence. However, since AS was related to abstinence for those in ST ϩ EX, improvements in AS that occurred for participants in ST ϩ EX would likely be transmitted to abstinence because AS is related to abstinence for those in ST ϩ EX.
Discussion
The current study sought to address notable limitations in exercise-smoking research (e.g., lack of consideration of change in individual difference factors) and to systematically build upon past work on emotionally vulnerable smokers. Specifically, we tested the hypothesis that AS and dysphoria independently mediated the efficacy of exercise for facilitating abstinence in high AS smokers. Treatment condition differences were observed in AS and dysphoria, such that participants in the exercise intervention evidenced lower average levels of AS and dysphoria at the 6-month follow-up assessment relative to participants in the control intervention. These findings are in accord with past work suggesting that exercise is an efficacious and tolerable treatment modality with which to target and reduce depressive symptoms, including dysphoria (Bernard et al., 2013; Stathopoulou, Powers, Berry, Smits, & Otto, 2006; Stubbs et al., 2016) and AS (Broman-Fulks et al., 2004; Broman-Fulks & Storey, 2008; . Yet this study uniquely extends past work by demonstrating that vigorous-intensity aerobic exercise, as an adjunct to a smoking cessation intervention, is effective at addressing AS and dysphoria among a sedentary, emotionally vulnerable population of smokers.
Additionally, when participants had lower levels of dysphoria, they were more likely to be abstinent at the next session, regardless of treatment condition. This observation is consistent with past research documenting the relevance of dysphoria to smoking maintenance and relapse, and tobacco withdrawal (Leventhal et al., 2011) . The present research provides further support for this effect This document is copyrighted by the American Psychological Association or one of its allied publishers.
by showing that dysphoria is related to abstinence over and above AS and current abstinence (and, as a result, over and above other variables that are highly related to AS and current abstinence). Also, by controlling for concurrent levels of abstinence in predicting future abstinence, the findings show that the relation between dysphoria and future abstinence is not due to "reverse causation" (the possibility that dysphoria and later abstinence are related because abstinence causes current dysphoria and later abstinence). Consistent with prediction and earlier work (Broman-Fulks et al., 2004) , exercise effectively reduced AS in treatment-seeking smokers, yielding clinically meaningful effects up to 6 months following the quit attempt. Although reductions in AS were related to greater abstinence in the exercise intervention, the relation between AS and abstinence was not significant in the control condition. Additionally, when participants had lower levels of AS, they were more likely to be abstinent only in the ST ϩ EX condition. Thus, AS was a mechanism of change for only the ST ϩ EX condition. These data suggest that engaging AS via exercise in the context of smoking cessation is clinically important for improved smoking outcome.
Together, the current findings provide insight into putative mechanisms (AS and dysphoria) underlying the effects of exercise on smoking cessation among high AS smokers. Such data have the potential to guide the development of novel cessation treatments to optimize the application of exercise interventions for high-risk emotionally vulnerable smokers. Specifically, the present study suggests that among high AS smokers (a) participating in a smoking cessation treatment plus vigorous-intensity exercise successfully lowers levels of AS and dysphoria, and (b) reductions in dysphoria and AS due to exercise significantly attenuate the risk of smoking cessation failure. Collectively, these findings are consistent with past theory and research that highlight AS and dysphoria as cognitive-based transdiagnostic mechanisms involved in smoking lapse and relapse .
We should point out that, although the "a" paths in our analyses were from a randomized independent variable and hence were causal, the "b" paths in the mediation analysis were not from a randomized mediator and hence were not causal. This problem is endemic to all mediation analyses in RCTs in which the mediators are not manipulated/randomized (Imai, Keele, & Tingley, 2010) . We attempted to enhance the possibility of causal inference in the "b" path by (1) "lagging" the "b" path in our analysis (modeling the mediators at each time point as impacting abstinence at the next time point), (2) controlling for concurrent levels of abstinence when predicting abstinence at the next time point (effectively performing a within-subjects cross lag analysis), (3) controlling for other putative mediators (AS and dysphoria simultaneously), and (4) calculating a within-subjects relation between the mediators and abstinence, which eliminates the potential confounding effects of third-variable differences between subjects (Smits, Julian, et al., 2012) . But since the "b" paths were not causal, the significant mediated pathway is not proof of causal mediation. Rather, our significant mediated pathway can only indicate that our results are consistent with the mechanism illustrated in our mediation model.
There are several interpretive caveats to the present study. First, the sample consisted of a relatively small sample of communityrecruited, treatment-seeking sedentary cigarette smokers, with generally elevated baseline AS. Thus, the generalizability is limited in overall sample size and to the sampled population and may not extend to other types of smokers (e.g., low AS smokers, older more heavily dependent smokers). Second, this study focused primarily on AS and dysphoria as mediating variables. These cognitive-affective factors are only two of many possible emotional risk candidates that may account for the observed treatment effects on cessation outcomes. Future work could usefully continue to build multi-risk factor models that help to explain how certain treatments, such as exercise, affect the ability to quit smoking, including such factors as distress tolerance and smoking cessation self-efficacy. The study compared two active treatments. Future work should examine effects with treatment as usual as a comparison. Third, the current study utilized a vigorous-intensity exercise intervention. Future work should experimentally manipulate exercise intensity to examine effects of intensity as well as other dose parameters (e.g., frequency, duration of bout, duration of intervention). It is possible that reduction of AS and dysphoria may depend on exercise intensity (e.g., minimum heart rate threshold) or experience ceiling effects (i.e., limited benefit after a certain intensity level). Additional work in this area may examine moderators of exercise intensity to develop personalized treatments (e.g., matching age, sex, AS level to an optimal exercise program for smoking cessation). Research also could examine whether exercise interventions impact behavior changes posttreatment (e.g., frequency and intensity of exercise) and whether it does so to a greater degree than control conditions. Fourth, the sample was relatively highly educated and majority White, started smoking late in life (see Table 1 ), and were only required to report moderate motivation for smoking on an authorgenerated scale. Thus, future work should examine exercise interventions for smoking cessation among underserved populations such as low-income racial/ethnic minorities. Future research also could conduct a more comprehensive motivation to quit smoking assessment to determine eligibility using evidenced-based assessments. Finally, dysphoria, AS, and smoking behavior were measured at specified assessment intervals. Although multimethod approaches were employed, an important next step in this area of research would be to evaluate affective symptoms and smoking outcomes using time sampling approaches wherein a more comprehensive evaluation of the temporal ordering of these factors and treatment outcome could be obtained.
Overall, the present investigation sheds light on specific mechanisms of action during a vigorous-intensity exercise treatment as an aid to cessation in a high-risk, emotionally vulnerable population of smokers. This work documents the clinical importance of engaging psychological mechanisms in the context of exercisebased interventions to offset the risk of poor health behaviors such as tobacco smoking.
